A novel Y-shaped open stubs with harmonic suppression performance is proposed. To obtain the impedances of the open stubs, ABCD matrix analysis and computer aided design (CAD) optimization simulation are used. The proposed Y-shaped open stubs show that not only good match and low insert loss at fundamental frequency, but also high suppression features at 3rd and 5th harmonic frequencies. The proposed Y-shaped open stubs can be used in many microwave circuits, such as impedance matching network, power divider/combiner, coupler, and so on.
Introduction
At present, λ/4 transmission line (TL) is widely used in microwave circuit, such as power divider/combiner (PDC), antenna arrays feeding network, amplifier impedance matching network, and so on. The λ/4 TL is easy to use, but a major drawback of it is that the presence of spurious response at odd harmonic frequencies [1] .
Recently, some achievements have been published in order to analyze and suppress the high harmonic frequencies in microwave circuit. Some papers report using electromagnetic bandgap (EBG) or defected ground structure (DGS) cells to suppress harmonic frequencies [2, 3] , though these circuits usually require either backside etching or additional lumped reactive element. In paper [1, 4, 5] , Tshaped, Π-shaped stubs or extended line has been used to suppress harmonic frequencies in PDC. In paper [6] , computer aided design (CAD) optimization is developed to analyze the microwave circuit performance by using genetic algorithm. Also, some complicated transmission line matching methods are used to achieve harmonic suppression [7, 8] .
In this paper, we intend to design the Y-shaped open stubs for submitting λ/4 TL with harmonic suppression characteristic as showing in Fig.1 . In Section 2, the analysis basing on ABCD matrix parameter and CAD has been used. In Section 3, an application example of Y-shaped open stub on PDC is given with simulation and measurement results. The following is conclusion in Section 4. (1 )
(1 )
(1 ) The ABCD matrix of the original simple quarter-wavelength TL is , at fundamental frequency can be written as below.
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CAD arithmetic optimization
We know that the Y-shaped TL should achieve perfectly impedance matching at the center frequency 0 . To make the original TL equal to the Y-shaped TL ( = 0 ) at the fundamental frequency, we can make Where i (i=1, 2, 3, 4, 5) are weighting functions. The weighting factors i depend on the requirements and convergence of the problem. The minimization of error function ε determines optimum values of parameters. Here, we use CAD to minimize of the error function to get the suitable parameters of Y-shaped TL. In this paper, we will not introduce the CAD optimization in detail because of the limit of the paper.
The Fig.3 shows the simulation results of the Y-shaped TL for submitting the 50 -λ/4 transmission line. The proposed Y-shaped TL is not only low loss at fundamental frequency, but also high harmonic suppression at 3rd and 5th harmonic frequencies. S21 S11 Fig.3 The simulation results of the Y-shaped TL
Application of the Y-shaped TL
In this section, an example of the application of Y-shaped TL in Wilkinson PDC, which manufacture on PCB (fundament @ 0 = 1 , and harmonic suppression @3 0 , @5 0 ), is presented for demonstration, as showing in Fig.4 . Here, we use the CAD to get the parameters of PDC. The Sparameter performances of the designed PDC are obtained by EM simulation software, and the measurement results are collected from a network analyzer. 
13.4
From the Fig.5 , showing the simulation and measurement S-parameter performance of proposed PDC. By using the Y-shaped, we can get that the PDC not only has similar S-parameter with the traditional Wilkinson PDC at around fundamental frequency, but also has harmonic suppression performance at 3rd and 5th. The insertion loss of modified Wilkinson PDC is below about -3.4dB covering a fractional bandwidth of about 40%, depending on ports return loss and ports isolation below -15dB. The measured S-parameter performances reveal the modified PDC has been achieved attenuation below -30dB at 3rd and 5th harmonic frequencies. The small discrepancies between the simulated and measured results were mainly caused by the fabrication tolerances and discontinuities. Also, 
Conclusion
In this paper, the design and the optimization of the Y-shaped TL with harmonic suppression features are reported. The analysis and design procedure is based on ABCD matrix and CAD optimization. In the application, a modified PDC with Y-shaped TL is given. The Y-shaped TL is valuable not only with low loss at fundamental frequency and high suppression at harmonic frequencies, but also with size minimization.
